Collagenofibrotic glomerulopathy is a rare glomerular disease characterized by the massive deposition of type III collagen in mesangial and subendothelial spaces. We observed markedly increased serum hyaluronan levels in patients with collagenofibrotic glomerulopathy; levels in three patients were more than 1,000-times greater than the normal upper limit. However, one kidney transplant patient had normal serum hyaluronan levels. We found that serum levels and activities of the enzyme hyaluronidase were normal, and hyaluronan was not markedly deposited in the mesangial or subendothelial spaces. Our findings suggest that serum hyaluronan levels may be a specific diagnostic marker of collagenofibrotic glomerulopathy, and kidney transplantation may alleviate marked increases in serum hyaluronan.
Introduction
Collagenofibrotic glomerulopathy is a rare glomerular disease characterized by the massive deposition of type III collagen fibers in mesangial and subendothelial spaces and increased serum procollagen type III peptide levels; it is suspected to be a hereditary disease (1) . Although about 40 cases have been reported in English articles, the pathogenesis of this glomerulopathy has not been elucidated.
Hyaluronan is a glycosaminoglycan found in the extracellular spaces of most tissues. Serum levels in middle-aged individuals range from 10-100 ng/mL (2) . Although serum hyaluronan levels are known to be increased in several conditions, such as liver disease or inflammatory disease, and they can be as high as 2,000 ng/mL (2) . We measured the serum hyaluronan levels in one patient with collagenofibrotic glomerulopathy and found that they were >100,000 ng/mL, although other symptoms of liver disease and inflammation were absent. We report serum hyaluronan levels in the patient, her son, and three other collagenofibrotic glomerulopathy patients. In addition, we investigated serum hyaluronidase enzyme levels and activities, as well as the deposition of hyaluronan in glomerular lesions.
Case Report
The brief medical histories of four patients are described below. Descriptions of patients three and four have been published previously (3, 4) .
Patient 1 was a 74-year-old Japanese female who was referred to our hospital after suffering from protracted leg edema for five years. Her serum creatinine levels were 1.57 mg/dL, urinalysis revealed no hematuria, and urinary protein excretion was 4.3 g/day. Following renal biopsy, she was diagnosed with collagenofibrotic glomerulopathy, and her serum procollagen type III peptide level was 7.0 U/mL. She was subsequently treated with antihypertensive medications, and after 2 months, her serum creatinine level was 1.45 mg/ dL and her urinary protein-to-creatinine ratio was 9.7. Patient two was a 54-year-old Japanese male who was referred to our hospital with persistent proteinuria for four years. His serum creatinine level was 0.8 mg/dL. Urinalysis revealed no hematuria, and his urine protein excretion was 0.6 g/day. Following renal biopsy, he was diagnosed with collagenofibrotic glomerulopathy, and his serum procollagen type III peptide level was 2.9 U/mL. Following conservative therapy, his proteinuria persisted, and his renal function deteriorated. He required hemodialysis at the age of 65 years. The patient's brother also had proteinuria, was diagnosed with collagenofibrotic glomerulopathy following a renal biopsy at the age of 53 years, and subsequently died of esophageal cancer six years later.
Patient three was a 79-year-old Japanese female who was admitted to our hospital for leg edema. Her serum creatinine level was 0.93 mg/dL, and her urinary protein-to-creatinine ratio was 10.2. The patient's urinalysis revealed microscopic hematuria, and she was diagnosed with collagenofibrotic glomerulopathy following renal biopsy; her serum procollagen type III peptide level was 12.0 U/mL. After admission, she received conservative therapy. Subsequently, her serum creatinine levels stabilized, and her urinary protein excretion decreased.
Patient four was a 6-year-old Japanese female who was referred to our hospital for proteinuria and hematuria. Her urinary protein excretion was 3-4 g/day, and she was diagnosed with collagenofibrotic glomerulopathy following a renal biopsy. Her serum procollagen type III peptide level was 6.1 U/mL. Her renal function subsequently deteriorated despite steroid, cyclosporine, cyclophosphamide, low-density lipoprotein (LDL)-apheresis, anticoagulant, and antiplatelet drug therapies. At the age of 13 years, she underwent peritoneal dialysis, and she received an ABO-compatible kidney transplantation from her father at age 18. She was subsequently treated with tacrolimus, methylprednisolone, and basiliximab, and her renal function was stable with no proteinuria detected in the urinalysis. Her serum procollagen type III peptide levels had decreased to 1.1 U/mL 10 years after transplantation.
Table presents the serum hyaluronan and hyaluronidase levels from all four patients and the son of patient one who did not have any apparent disease and had a urinary proteinto-creatinine ratio of 0.1. Patients one and three were examined one month and two years after renal biopsy, respectively. Patient two was examined seven years after the initiation of hemodialysis, and patient four was examined 10 years after transplantation. The serum hyaluronan levels of patients one, two, and three were markedly increased, but that of patient four, who had received a kidney transplant was within the normal range. The serum hyaluronan levels in the son of patient one were observed to have slightly increased.
Among several types of mammalian hyaluronidases, hyaluronidase-1 and -2 predominate in human serum. Because the normal ranges of serum hyaluronidase-1 and -2 levels are unclear, we compared the levels of these enzymes in the four patients with those in 12 healthy controls. The serum hyaluronidase-1 and -2 levels of all patients were comparable to those of controls. The zymograpy measurements of serum hyaluronidase activities were similar between patients and controls and are presented in Fig. 1 .
To further investigate hyaluronan deposition, renal biopsy tissue from patient one was processed with a colloidal iron stain before and after hyaluronidase digestion. Light microscopy revealed poorly stained global mesangial expansions with lobulation (Fig. 2a) . The expanded mesangial and subendothelial spaces exhibited massive deposition of type III collagen (Fig. 2b, c) , but the glomeruli showed no evidence of marked hyaluronan deposition (Fig. 2d, e) .
Discussion
The pathogenesis of collagenofibrotic glomerulopathy remains poorly characterized. The present cases exhibited markedly increased serum hyaluronan levels. Various diseases, such as liver disease, rheumatoid arthritis, sepsis, renal failure, and cancer (2), are associated with mean serum hyaluronan levels of up to 2,000 ng/mL. With the exception of the renal transplant case (patient 4), serum hyaluronan levels were between 53,000 and 112,000 ng/mL in all of the patients described here, thus suggesting that serum hyaluronan levels are significantly involved in the pathogenesis of collagenofibrotic glomerulopathy.
In this study, the renal transplant patient with collagenofibrotic glomerulopathy had serum hyaluronan levels within normal limits. Although we did not measure serum hyaluronan levels prior to renal transplantation, intensive immunosuppressive therapy and the donated kidney may have strongly suppressed hyaluronan production or increased its degradation. Previous reports described that serum hyaluronan levels in patients receiving hemodialysis were higher compared with those in healthy controls and were up to 20 times the upper limit of the normal range (5, 6) . Therefore, improvements of kidney function may not be sufficient to normalize serum hyaluronan levels in renal transplant patients with collagenofibrotic glomerulopathy.
Hyaluronidase is responsible for the degradation of hyaluronan (7), and six hyaluronidase genes have been identified in humans. Among these enzymes, hyaluronidase-1 and -2 degrade the majority of hyaluronan (7). In the present patients, serum hyaluronidase activity and hyaluronidase-1 and -2 levels were not lower than those in healthy controls. In addition, mutation of the gene encoding HYAL1 in humans reportedly results in short stature, generalized cutaneous swelling, transiently painful soft tissue masses over articular surfaces, and bilateral joint effusion (8, 9) . However, we did not observe these symptoms in patients with collagenofibrotic glomerulopathy. Moreover, renal dysfunction was not reported in patients with HYAL1 gene mutations. Taken together, these observations indicate that hyaluronidase is probably not involved in the marked increase in serum hyaluronan in patients with collagenofibrotic glomerulopathy.
Hyaluronan is synthesized by plasma membrane hyaluronan synthases (HAS) (10) , and increased HAS activity may markedly increase serum hyaluronan in patients with collagenofibrotic glomerulopathy. However, we did not measure HAS activity in the present study, and this remains to be examined in patients with collagenofibrotic glomerulopathy.
We hypothesized that a marked increase in serum hyaluronan could lead to its deposition in the glomerulus. Therefore, we evaluated hyaluronan deposition with colloidal iron staining before and after hyaluronidase digestion. Colloidal iron staining is widely used to detect negatively charged surface matrices, and the interstitium generally contains large quantities of negatively charged glycosaminoglycans, such as hyaluronan (11) . Moreover, glomerular capillary surfaces are covered by podocytes, which have anionic glycocalyx layers (12) . Therefore, both the interstitium and glomerular capillary walls are normally stained by colloidal iron, and hyaluronidase digestion abolishes this staining in the interstitium but not in the capillary loops. We did not observe significant colloidal iron staining within glomeruli compared with that in the interstitium and capillary surfaces of patient one. Furthermore, the interstitial colloidal iron staining of kidney tissue did not differ between patient one and normal controls (data not shown), indicating that hyaluronan deposition is not markedly increased in kidney tissue from patients with collagenofibrotic glomerulopathy. It is unclear why hyaluronan was not significantly deposited within glomeruli despite markedly elevated serum hyaluronan levels. Nikolic-Paterson et al. demonstrated hyaluronan deposition in rat anti-Thy-1 nephritis and showed that type 1 transmembrane glycoprotein CD44 colocalized with hyaluronan deposition (13) . Therefore, CD44 may be necessary for hyaluronan deposition. Further studies are needed to elucidate why significant hyaluronan deposition was not detected in the capillary loops in the patients described here.
The existence of sibling cases suggests that collagenofibrotic glomerulopathy may be an autosomal recessive genetic disease (1) . Patient two's brother also had the disease, and the serum hyaluronan levels in the son of patient one were slightly above the normal range. Although we only performed appropriate measurements in one case, changes in the expression or function of hyaluronan-related genes may underlie the pathogenesis of collagenofibrotic glomerulopathy.
Although not all subjects with elevated serum hyaluronan have kidney disease, marked increases in hyaluronan may damage kidney function because hyaluronan can increase proteoglycan synthesis in mesangial cells (14) . Further studies are necessary to investigate whether massive amounts of hyaluronan induce kidney disease.
In conclusion, we identified markedly increased serum hyaluronan levels in patients with collagenofibrotic glomerulopathy. Although the underlying mechanisms remain unclear, increased serum hyaluronan levels maybe a useful diagnostic marker of collagenofibrotic glomerulopathy.
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